Gate tunable junctions are key elements in quantum devices based on hybrid semiconductorsuperconductor materials. They serve multiple purposes ranging from tunnel spectroscopy probes to voltage-controlled qubit operations in gatemon and topological qubits. Common to all is that junction transparency plays a critical role. In this study, we grow single crystalline InAs, InSb and InAs1−xSbx nanowires with epitaxial superconductors and in-situ shadowed junctions in a singlestep molecular beam epitaxy process. We investigate correlations between fabrication parameters, junction morphologies, and electronic transport properties of the junctions and show that the examined in-situ shadowed junctions are of significantly higher quality than the etched junctions. By varying the edge sharpness of the shadow junctions we show that the sharpest edges yield the highest junction transparency for all three examined semiconductors. Further, critical supercurrent measurements reveal an extraordinarily high ICRN, close to the KO−2 limit. This study demonstrates a promising engineering path towards reliable gate-tunable superconducting qubits.
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Josephson junctions (JJs) are critical circuit elements superconducting quantum computing. Gate tunable junctions based on proximitized semiconducting segments in hybrid semiconductor (SE)-superconductor (SU) materials are an interesting class of junctions with potential as JJ elements in transmons qubits [1, 2] as well as critical operators in topological qubits [3] . Similar to all semiconducting circuit elements, they are highly susceptible to disorder and require dedicated optimization for development towards high fidelity gate operations. In the case of topological quantum computing, achieving disorder free junctions is desirable on several levels. Coupling a one-dimensional semiconductor with strong spin-orbit interaction and large Landé-g factor to a conventional s-wave superconductor has the fundamental ingredients to generate topologically protected Majorana bound states (MBS) [4] [5] [6] [7] [8] . If the material fulfills the set of requirements, MBS are expected to tolerate local perturbations and therefore makes it a promising candidate for scalable quantum computing [3, 9, 10] . In recent years, there has been significant progress in the development of epitaxially grown SE-SU hybrid materials to fulfill these requirements [11] [12] [13] [14] [15] . Even though electronic tunnel spectroscopy has yielded results that have been interpreted as signatures of MBS [16] [17] [18] [19] [20] [21] [22] [23] [24] , direct evidence for topologically protected MBS is still missing. Complications in the process of verifying the MBS with tunnel spectroscopy relate not only to the hybrid SE-SU nanowire (NW) segments but also the tunnel junctions which may contain random disorders that may give rise to local Andreev bound states that mimic the zero-bias conductance peaks expected from MBS [25] [26] [27] . Avoiding such misinterpretations is certainly desirable and a crucial reason to aim for disorder free junctions. Junctions in spectroscopy devices have been demonstrated with a top-down etching process [21, 28, 29] , while a more recent alternative approach has been using an in-situ shadow method [30] [31] [32] . The in-situ process leaves the SE surface as it was grown, which seems to be an ideal fabrication approach for gate tunable junctions even though a detailed analysis of the junction formation along with correlations between fabrication and junction quality are still missing.
In this work, we study the synthesis of stacking-fault free InAs, InSb and InAs 1−x Sb x NWs with epitaxially grown superconductors containing shadowed junctions in single-step growth process using molecular beam epitaxy (MBE). To obtain shadowed junctions at predefined positions we use (111)B faceted trenches on InAs (100) substrates for NWs growth [31, 33] . This method provides freedom for controlled positioning of the shadow junctions due to the specified NW growth directions. We study the formation of junctions as a function of the inter-wire distance between the shadowing NW and the junction NW. We also analyze the junction profile, which directly depends on the flux distribution from the source and geometry of the shadowing. Further with different superconductors we investigate the influence of growth kinetics on the junction sharpness. Developing a pre-growth substrate fabrication process including optimized growth and shadow conditions, we demonstrate high junction transparency with reproducible quantized arXiv:2003.04487v1 [cond-mat.mtrl-sci] 10 Mar 2020 FIG. 1. Semiconductor-superconductor nanowires with shadow junctions. a, Scanning electron micrograph (SEM, 30 • tilted) of Au-assisted InAs NW array grown on the pre-processed "V" groove (111)B faceted InAs trenches. b, V/III ratio as a function of InAs NW growth temperature (TG). The plot is divided into six regions (A-F), and NW growth outcome (yield, morphology, etc.) of each region is investigated. Region "D" (TG ∼ 401-415 • C with V/III ratio ∼ 9-10.5) shows the highest yield and uniform InAs NW growth (dark green circles). c, SEM image of InSb NWs grown from InAs stems. d, Schematic with crystal orientation of the hybrid NWs. Dashed arrow shows the superconductor deposition direction. In the right, schematic of superconductor deposition geometry on the NW with respect to the beam flux direction and the NW growth axis. Here, α is the angle between these two vectors to calculate effective flux (f ) on the NW facet. e, Schematic of 3-facets and 2-facets superconductor on the NWs. The table provides the beam angle requirements in the case when φ=0, for 2-facets and 3-facets superconductor coverage. f, Tilted SEM image of InSb NWs with epitaxially grown Al. g, SEM image of InSb/Sn NWs with junctions. h, SEM image of InSb/Pb NW with junction. Orange arrows indicate the shadowed junctions. Dashed arrows indicate the direction of superconductor deposition. Scale bars for (a), (c), (f), (g) and (h) are 1 μm. Scale bar for (f) inset is 100 nm. transport. Correlations between the structural and electronic properties of the junctions are done by statistical characterization of the junction morphology and transport properties of junction NWs from selected positions on the growth substrate. We compare in-situ shadowed and etched junctions on statistical ensembles of NW devices as well as on the same InAs 1−x Sb x /Al NWs and confirm the superior electrical quality for the shadowed junctions. Finally, measurements at mK temperatures show an I C R N products over 7 samples close to the KO−2 and KO−1 limit. Voltage bias measurements reveal the size of the induced superconducting gap, as well as a phase coherence of at least 5 times of the junction length.
The NW substrates are fabricated using electron beam lithography (EBL) and wet-etching process to form (111)B facets in planar InAs (100) substrates, where the Au catalysts are positioned with a subsequent EBL process. As opposed to earlier works [31, 33] , we do not use any masks to confine the Au particles, which significantly reduces the pre-processing efforts and minimizes contamination during fabrication. This makes the process suitable for exploring different material combinations with high throughput. Figure 1a shows an SEM image of InAs NWs grown from (111)B trenches. However, the NW growths on the trenches require careful optimization of the growth conditions. We find out that As 4 beam flux is necessary to enhance the initial NW growth rate to escape the competition with planar growth in the trenches. In Fig. 1b we show a map of InAs NW growth yield, which resembles the design of growth parameter optimization. Dark to light green color represents high (> 90%) to low yield (< 50%) growth of NWs and gray resembles no growth. To help tuning in the right growth parameter space we distinguish between six growth parameter regions which are discussed in supplementary information S2. The growth temperature window in region "D" with V/III ratio ∼ 9-10.5 provides the highest yield and uniform morphology of the NWs, while outside of this region the growth either has uneven yield issue or non-uniform NWs. We mostly grow in the lower side of the growth temperature window in region "D", as we get pure wurtzite (WZ) crystal structure at lower temperatures, verified by TEM analysis (see supplementary information S3). Confirming previous reports [34] , we are also not able to grow InSb NWs directly from the InAs substrate. It is speculated that the Au-alloy forms a small contact angle to the substrate when Sb is present, which prevents initiation of NW growth [34] . However, once the InAs NW stem is formed it is possible to switch into InSb NW growth. With optimized growth conditions (in region "D"), we achieve high yield InSb NWs across the substrate as shown in Fig. 1c . Figure 1d shows the schematic of the NWs with shadow junction as grown on the substrate. On the right, the hemisphere diagram shows the coordinates use to describe the superconductor beam flux direction with respect to NWs. Depending on the angle of the incoming flux and orientation of the NW facets, the superconductor can be grown on selected facets. The table in Fig. 1e contains information of beam flux angles required for 2-facet and 3-facet superconductor coverage on [110] ZB /[1120] WZ and [112] ZB /[1100] WZ oriented NWs. The amount of superconductor that is grown on each facet (for a given growth time) is proportional to the effective beam flux (f ) on the selected facet. Here f is defined as the flux impinging on the mid-facet facing the source during 3-facet deposition (see Fig. 1e ). If we consider 2-facet depositions then both facets receive equal amounts of material, as an instance, for φ=0 and θ=35 • , Fig. 1f , where the inset shows a ∼ 100 nm long junction. Because the NW positions are controlled, it is possible to design multiple junctions in a single NW, see supplementary information S5 for different junction schemes.
Synthesis of hybrid InSb/Sn NWs with junctions has recently been reported [35] , showing a route for deposition of alternative superconductors on bare semiconductor NW facets. Due to the simplicity of the single UHVstep process demonstrated in this work, it is easy to not only vary semiconductor composition but also the superconducting materials, providing a versatile platform for exploring wide range of hybrid material combinations. Two promising superconductor alternatives to Al are Sn and Pb, which both have higher T c (for bulk it is around 3.7 K for Sn and 7.2 K for Pb, compared to 1.2 K for Al). As these superconducting materials are challenging to etch selectively without damaging the semiconducting NW segments, the shadowing method may be critical for the realization of high-quality junctions. In Fig. 1g and Fig. 1h we show Sn and Pb phases grown on InSb and InAs 1−x Sb x NWs, respectively. After the semiconductor NW growth, the Sn and Pb are grown on liquid nitrogen cooled stage in a UHV chamber connected to the MBE. The shadowing and formation of the junction details will be discussed below.
Having growth conditions for InAs and InSb NWs on the trenches, the As and Sb fluxes can be tuned to grow InAs 1−x Sb x /Al NWs [12] as shown in Fig. 2a . Similar to InSb NWs, we initiate the InAs 1−x Sb x NW growth with an InAs stem (using the recipe from 1b, region "D"). The InAs stem is not visible in Fig. 2a due to the over-growth on the substrate. To enhance spin-orbit interaction [36] while maintaining an efficient field effect response by keeping the carrier density low [12, 37] we aim at for Sb composition around x=0.7 (nominal Sb/As flux ratio of 0.8). The composition of the InAs 0.3 Sb 0.7 /Al NWs are measured applying Vegard's law [38] for the lattice parameter in ternary alloys (see supplementary information S6 for STEM-EDX analysis).
These InAs 0.3 Sb 0.7 /Al NWs are used to compare the field-effect response of etched and shadowed junctions as shown in Fig. 2b and 2c . The challenge for etched junctions is to find conditions that selectively etch Al while leaving the semiconductor unharmed. As for instance, we have not been able to find selective etch conditions for Al on InSb. For InAs 0.3 Sb 0.7 and InAs NWs, we use etch conditions which were optimized in previous studies and apparently leave the semiconductor intact [12, 39] (see supplementary information S7 for details). Because the electron transport characteristics vary from device to device, we need statistics for comparing quality measures. For this purpose, we compare 41 back-gated devices, 31 with shadowed and 10 with etched junctions, see Fig. 2b . For etched junctions, 7 out of the 10 devices are first measured at 20 mK out of which 6 pinch-off with a threshold voltage of −3 ± 1 V, a mean saturation conductance of 1.6 ± 0.2 2e 2 /h and the field-effect mobility µ FE ≈ 1900 ± 600 cm 2 /Vs (highest µ FE ≈ 4400 cm 2 /Vs). As a comparison, we measure 9 shadowed devices under identical conditions where 4 devices pinch-off with a mean threshold voltage of −36.0 ± 2.5 V and rest haven't pinched-off within the applied gate voltage. The mean saturation conductance of all shadowed devices is
For a higher throughput we turn to measurement at 2 K and measure 22 devices with shadowed junctions where 20 devices pinch-off with a mean µ FE ≈ 17000 ± 400 cm 2 /Vs (highest µ FE ≈ 35000 cm 2 /Vs). The mean threshold voltage and saturation conductance of these devices are −13±2 V and 5.1±0.5 2e 2 /h respectively. In comparison, three etched junctions are characterized at 2 K showing a low gate response and no pinch-off within the voltage limits of the system and with mean saturation conductance of 4.1±0.7 2e 2 /h. In short, according to the statistics presented above, shadow junctions exhibit a significantly higher conductance and mobility compared to the etched junctions.
As an additional comparison we fabricate 11 devices with comparable sized etched and shadowed junctions in the same InAs 0.3 Sb 0.7 /Al NW (shown in Figure 2c ). Among them, only three devices are functional on both sides, where the electrical measurement of one of these devices is demonstrated in Fig. 2c . Despite the almost identical appearance of the etched and shadowed junctions in these devices, a radical difference is observed in the transport properties. Here the shadow junction pinched off with clear quantized conductance plateaus around magnetic field, B > 4 T, while the etched junction is not pinched-off within the available voltage range. Similar differences are observed for the other two devices presented in supplementary information S8. We note that there can be many reasons for disorders associated with etching such as undercut during wet etching, increased SE surface roughness, impurities left from etchant and leftovers from the etched metal (see supplementary information S7). There are most likely ways to improve etch recipes, however, unless the etch actively provides protection, it is reasonable to assume that optimized shadowed junctions will generally be of the highest possible quality. Additionally, besides obtaining higher quality junctions, shadowed junctions allow flexibility in the choice of material combinations, where selective etching may be infeasible. Based on this and the above results, we choose to solely focus on shadow junctions for all material combinations.
The influence of the junction edge morphology on the junction transparency is studied by comparing devices with varying edge sharpness. The edge sharpness is varied by changing inter-wire distance, l s , between the shadowing and the shadowed NW. The reason is sketched in Fig 3a, where the transition region going from a fully shadowed region to a fully unblocked region (with nom- the dashed black line). On the other hand, for a circular source opening with a Gaussian flux distribution the transition region will see an effective flux closer to a step-profile flux distribution shown as red solid line.
If the temperature is sufficiently low, such that the adatoms are kinetically limited to stick where they land ("hit and stick" model), the shape of the junction edges will directly map the flux distribution from the source opening as described above. However, the "hit and stick" model collapse if the adatoms are mobile. This will alter the broadening towards equilibrium shaped morphologies. The length scale at which kinetics plays a role can be described by a characteristic adatom migration length [11, 40] :
where, ρ a is the adatom density, δh aa and δµ inc are a characteristic activation barrier for migration and chemical potential of the adatoms respectively. As seen from this equation, also the beam flux (f ) can play a role on λ a , which complicates the analysis of the adatom kinetics due to the effective flux gradient in the transition region. To limit the adatom mobility we grow the SU thin film at low substrate temperatures where λ a is sufficiently short to allow for the formation of a uniform thin film at the given flux.
The determination scheme of shadow location is sketched in Fig. 3b where l s (and therefore ∆ b ) is con-trolled with two parameters θ and l s,x , the spacing between the Au dots along opposite trenches. For φ = 0 the relation is simply l s = ls,x sin θ . These two parameters also determine the position of the shadow on the NW via the equations l s,y = ls cos θ tan 35.3 • and l s,z = l s cos θ. As described above, ∆ b depends on l s,x which is controlled by the Au droplet positioning during substrate preparation. If the Au droplets offset on the opposite facets are within d N W range then the NWs will merge to form nano-crosses or other type of networks [30, 33] . However, for obtaining sharp-edged junctions l s needs to be as small as possible without merging. We vary l s from ∼ 170 nm to ∼ 570 nm from trench to trench on a given substrate and measure the broadening on selected NWs with AFM. Figure 3c shows measured broadening (blue points) together with the calculated "hit and stick" broadening (green dashed line) for InAs 0.3 Sb 0.7 /Al junctions. Here, W s ∼ 1.6 cm and L SW ∼ 20 cm for Al deposition in our MBE. The measured mean broadening follows the trend of "hit and stick" model with an offset, which indicates that adatom kinetics plays an important role for Al shadow junction formation under these conditions.
A general trend is that small Al islands are formed in the junction region for l s > 500 nm (as shown in Fig.  3d ). The junction edge broadening with discrete Al islands are estimated from fitting a curve over the measure islands. For l s < 250 nm, we observe well defined single junctions with no Al islands as shown in Fig. 3e and confirmed by a TEM image in Fig. 3f . We attribute the larger broadening profile of Al shadow edges, than predicted by the hit-and-stick model, to the kinetically driven equilibrium shape. For l s = 250 nm, the Sn and Pb based junctions on InSb exhibit sharp edge shadows as shown in Fig. 3g and Fig. 3h . In contrast to the Al deposition, we used e-beam evaporation of Sn and Pb where the source opening W S depend on how the electron beam are focused on the targeted materials. In the case of Sn, the effective area were visibly smaller than the area of the total target, which means that the effective source opening W S and therefore ∆ b will be smaller for a given l s in case of "hit and stick" conditions. The outgoing flux distribution can be estimated with a Gaussian profile as discussed in 3a leading to a sharp edge flux profile in the transition region. Fig. 3g with line scale showing ∆ b ∼ 13 nm confirms a sharp edge profile of Sn edge. Here, the measured sharpness may be underestimated due to the AFM tip diameter. On the other hand, for Pb based shadowing, the outgoing flux distribution is more uniform from the source, as a result ∆ b for Pb based junction is larger than that of Sn, ∼ 75 nm as extracted from line cuts in Fig. 3h .
We study correlations between the junction transparency and the critical parameter for the junction profile l s on the Al shadowed NWs. For this purpose we calculate the gate independent resistance R by fitting the pinch-off curves as described in supplemen- tary information S9. This gate independent resistance contains mainly three contributions: contact resistance (R c ), broadening resistance (R ∆ b ) and SE-SU interface resistance (R int ). In Fig. 3i , we can see that the InAs 0.3 Sb 0.7 /Al shadow junction resistance statistically increases with increasing l s . It is surprising that the junction resistance, R ∆ b depends on the slope of the Al towards the junction, also for junctions without visible Al islands, however the trend seems significant. For junctions with dewetted Al islands it seem reasonable with a reduced junction transparency due to potential variations caused by Al islands across the junctions. Using standard four-probe measurements, the measured mean junction resistance is R c = 0.8 kΩ as shown in Fig 3i.  Figure 3j shows conductance saturation of the devices decrease with increased l s . We attribute this effect to the junctions with multiple Al grains for l s > 500 nm. Unexpectedly, we also observe a trend of decreasing conductance for l s < 250 nm, although Al grains do not form within this range. We presume the profile of broadening within that range may play a role on the conductance deviation.
We further investigate the device performances of the sharp edged junctions for InAs, InSb and InAs 0.3 Sb 0.7 NWs. Pseudo colored SEM image of a typical single shadow junction device is shown in Fig 4a. In Fig  4b, we show the pinch-off voltages for Al based junction devices measured at 2 K. The pinch-off voltages for InAs 0.3 Sb 0.7 /Al junctions show the widest span from ∼ −30V to ∼ 0V, while the InAs/Al junctions pinch-off in the range of ∼ 0 to −10V. On the other hand, InSb/Al junction devices show pinch-off at mainly positive V g . We ascribe the statistical differences to the band alignment between the semiconductor and the Al [41] . An example of quantized conductance in a InAs 0.3 Sb 0.7 /Al junction device is shown in Fig. 4c , where the conductance is measured as a function of V g and magnetic field (B). A general trend is that the conductance plateaus are less pronounced at low B but gets gradually sharper with increasing field. This can be ascribed to lower electron back-scattering rates at higher B. The first subband splits into two spin-split subbands due to the Zeeman effect which leads to an energy difference gµ B B, where g is the Landé-g factor and µ B is Bohr's magneton. For this particular InAs 0.3 Sb 0.7 /Al device we see the emergence of the spin-split sub-bands around B > 2.2 T. However, we generally see the visible splitting appearing around B= 2-3 T. We speculate that the late emergence of visible spin-split bands are related to electron-electron interaction within the two subbands. The obtained quantized values in Fig. 4c are lower than the predicted N e 2 /h because of a constant contact resistance leading to plateaus of 0.45 · 2e 2 /h (the second at 0.9 · 2e 2 /h and the third one is barely observed at 1.3 ± 0.5 · 2e 2 /h), suggesting a non changing contact resistance with gate due to the equal quantized values for each subband. Figure 4d demonstrates a hysteresis which is much smaller than subband spacing in the device presented in Fig. 4c . The inset show a comparison of hysteresis statistics near the pinchoff region between quantized and non-quantized devices, where the quantized devices typically exhibit a slightly smaller hysteresis ∼ 1.5 V, compare to others (∼ 2.3 V). In Fig. 4e we examine sharp-edge InSb/Sn junction device, with each trace offset by the value of the B. In contrast to the InSb/Al junctions, the devices with Sn show a negative pinch-off voltage around −10 V, caused by the different band alignment of Sn to InSb. In these devices, after the subtraction of the filter resistances in the fridge and a constant contact resistance, a clear plateau at 2e 2 /h is visible even at zero field, suggesting a scattering length on the order of a few hundred nanometers. Furthermore, unlike the sample shown in Fig. 4c , splitting of the subband is visible immediately as the field is increased. A crossing of the first two spin-split subbands is visible at around 2 T, characterized by the disappearance and re-emergence of a plateau at 2e 2 /h. This effect is expected due to the large Landé-g factor of InSb [42] . Figure 5 presents low temperature (T ∼ 20 mK) electrical measurements performed on seven InAs 0.3 Sb 0.7 /Al shadow JJs (S#1-S#7) with l j ∼ 100 nm. A single contact to the Al shell is fabricated from Ti/Au normal metal on either side of the shadow junction and split into separate bond-pads to allow for a pseudo four-terminal configuration eliminating contributions from highly resistive filters in the cryostat. The transmission of the junction is tunable by the back-gate potential V g and Fig. 5a shows typical V I-curves at V g = 0 V for sample S#1. A zero-voltage state is observed corresponding to a switching current I C exceeding 200 nA with pronounced hysteresis between up/down sweep directions which is commonly observed in such devices and attributed to heating effects or underdamped junction [43, 44] . Figure 5b shows the differential resistance as a function of I and V g . The zero-resistance state is clearly observed and I C decreases with V g as the transparency of the ntype semiconductor weak link decreases towards pinchoff at V g ∼ −40 V. Also shown are the extracted gatedependence of the switching current I C (V g ) and the normal state conductance g N (V g ) measured at with a magnetic field B ⊥ = 0.3 T applied perpendicular so the substrate and exceeding the critical field of the superconducting leads. The product of I C and R N = 1/g N is a typical voltage characterizing JJs and Fig. 5c shows I C vs. g N for all devices where the range of g N is spanned by sweeping V g . For samples S#2-7 the curves are extracted from the data included in supplementary information S12. The dashed line labeled KO−1 (KO−2) shows I C R N = π∆/2e (I C R N = π∆/e) expected for a JJ in the short, quasi-ballistic and dirty (ballistic) regime with the mean-free path l e l j ξ (l e l j , l j ξ), and a superconducting gap ∆ = 200 µeV expected for Al and matching voltage-biased measurements discussed below. ξ is the superconducting coherence length [45] . JJs with semiconductor NWs weak links have been the subject of a large number of investigations since the original work of Doh [43] and the critical currents in these devices are generally much lower than the KO−1 and KO−2 predictions and I c R n significantly underestimates ∆ [46] [47] [48] . The origin of this suppression is unknown, but has been speculated to arise due to disorder and in-homogeneity or to heavily underdamped junctions. For the InAs 0.3 Sb 0.7 shadow junctions studied here the critical currents are relatively high, and samples S#1 and S#2 follow approximately the KO−1 and the ballistic KO−2 result. The remaining devices have suppressed I C for high R N indicating presence of channels with weak contribution to the supercurrent. At lower resistance the increase in I C with g N follows the KO−1 slope consistent with additional channels with contribution to I C as predicted by the model. We attribute these results to the high quality of the sharp edge InAs 0.3 Sb 0.7 /Al shadow junctions and clean interface. For sample S#1 the phase-coherence is confirmed by the voltage-biased measurement in Fig.  5d which shows a clear V g -independent sub-gap structure which we attribute to multiple andreev reflections (MAR) as previously studied in NW JJ [43] . The resonance resolved at lowest V sd corresponds approximately to the n = 5 th order MAR 2∆/ne process requiring five coherent andreev reflection processes. Higher order MAR processes may be present but are inaccessible in these measurements due to the cryostat line resistances ∼ 6 kΩ making the measurement an effective current-biased measurement at low applied voltages.
To conclude, we present a versatile single-step UHV crystal growth method to fabricate epitaxial SE-SU NWs with high quality gate-tunable superconducting junc-tions. The flexibility of the approach is exemplified with the growth of InAs, InSb and InAs 0.3 Sb 0.7 NWs with insitu shadowed junctions in Al, Sn and Pb. Based on the performance statistics of field effect InAs 0.3 Sb 0.7 /Al devices we show that the quality of shadowed junctions are significantly higher than the etched junctions. Furthermore, for the shadowed junctions we demonstrate that the junction transparency depends on the junction edge profile. We conclude that the junctions with sharp edges has high transparency, exhibiting extremely large supercurrents and easily resolved quantized conductance of the lowest subbands. This study shows a path towards reliable gate-tunable operations in superconducting quantum networks.
